Objective: To examine the serum fatty acid composition, serum cholesterol levels, and dietary fat intake associated with body composition in primary school children of both urban and rural regions in Taiwan. Design: Subjects were randomly stratified by region and primary school. The sample consisted of 870 children aged 10 and 11 y old. The sample was equally distributed between an urban region (Kaohsiung City) and a rural region (Yunlin County). The gender ratio of samples from each area was matched. Food record-assisted 24-h dietary recalls and serum lipid measurements were collected for each child, and associations between serum total cholesterol (TC) and fatty acids composition as well as between body mass index (BMI) and triceps skinfold (TSF) were evaluated for both urban and rural regions. Results: Compared with students in the urban region, those in the rural region had significantly lower total fat intake, BMI, TSF, TC, and LDL cholesterol (LDL-C) and higher HDL-cholesterol (HDL-C) (Po0.05). Increased total fat (Po0.05) as a proportion of total energy was associated with increased TC and LDL-C. Lauric, myristic, and oleic acid levels in the serum of urban boys were significantly higher (P ¼ 0.0001, 0.0003, and 0.0398, respectively) than those of rural boys. In girls, the different fatty acid compositions affected TC concentrations, and palmitic and stearic acids of serum in the high-TC group were significantly lower (P ¼ 0.0179 and 0.0001, respectively) than those in the low-TC group. Conclusions: Urban children had a dietary fat intake that both quantitatively and qualitatively differed from the traditional rural Chinese diet in Taiwan as reflected in rural children. Consumption of total fat was positively associated with BMI, TSF, TC, and
Introduction
The type and amount of dietary fat are associated with serum lipid and lipoprotein concentrations in children as well as in adults (Yu-Poth et al, 1999; Hargrove et al, 2001) . Using diet to alter serum lipid levels is safe and relatively efficacious in young children (DISC Collaborative Research Group, 1995; Lytle, 2000; Olson, 2000) . Dietary fat and fatty acid compositions have been documented as risk factors for coronary heart disease (Simon et al, 1995) . However, a decrease in total fat consumption may facilitate reduction in saturated fatty acid intake (Committee on Diet and Health, 1989) . Also, fat has a high energy density, and a key strategy for preventing weight gain is to limit such foods. Given the increasing incidence of overweight and obese children, reducing fat may therefore be important in weight control (National Institutes of Health, 1998) . Several expert groups have recommended reducing fat levels to 30% or less of energy consumed and saturated fat to less than 10% of energy in the diets of adults and children over the age of 2 y (Lytle, 2000; Van Horn, 2000) . Our related study has been ongoing for 8 y (Cheng et al, 1995 (Cheng et al, , 1998 (Cheng et al, , 1999 . Our previous study found a higher dietary total fat intake (35.5% of energy) and BMI (19.8 kg/m 2 ) in primary school students in an urban compared with those in a rural region (32.6% of energy and 18.2 kg/m 2 ) in Taiwan (Cheng et al, 1998) .
The serum fatty acid profile clearly reflects the dietary fatty acid composition (Rajaram et al, 2001) . Fatty acid intake estimated by either the dietary record or duplicated meal measurements alone is either unreliable or too complicated (Hunter et al, 1992) . However, body fatty acid composition reflects the quality of dietary fat and the type of fat consumed over a long period (Hunter et al, 1992; Lee et al, 2000; Brox et al, 2002) . To date, the serum fatty acid profile has not been documented for children in Taiwan. Furthermore, the associations of differences in serum fatty acid profiles between urban and rural children in Taiwan and the association with serum cholesterol levels have rarely been studied.
The present study investigated the serum lipids content, serum fatty acid composition, BMI, TSF, and dietary fat intake of healthy urban and rural 10-and 11-year-old girls and boys in Taiwan.
Methods

Subjects
The population of this study consisted of a cross-sectional survey of fifth-grade primary school students by a random sampling from 11 districts in Kaohsiung City and 20 districts in Yunlin County; subjects were randomly stratified by region and primary school. The urban region of Kaohsiung City has a population density of 9149/km 2 and is located in southern Taiwan. The rural region of Yunlin County has a population density of 585/km 2 and is located in west-central Taiwan. The two regions had 924 children, who participated based on a written orientation about the project and an invitation to participate. The invitation was sent to the students and their parents. All students expressed a positive interest, and parents were asked to provide signed consent. The study was approved by the Taipei Medical University
Hospital's Human Studies Board of Ethics. During the assessment period, research nutritionists trained in dietary assessments obtained a diet record-assisted 24-h recall by collecting students' dietary data. Of the total at entry, 94% of children completed the study. All of the 870 children with paired dietary data provided blood samples for lipid and fatty acid analysis. The sample consisted of 204 boys and 207 girls in Kaohsiung City and 215 boys and 244 girls in Yunlin County. The mean age was 10.7 (range, 10.1-11.3) y (Table 1) . Students were examined for body weight, height, and triceps skinfold (TSF). Some characteristics of the study population are shown in Table 1 .
Food analyses
Food record-assisted 24-h dietary recalls were conducted. Students were instructed to complete a food record on the previous day, and this was used as a prompt for the interviewer who conducted the 24-h recall. Interviewers were trained as nutritionist staff to use the interactive interview technique and were certified to use the software of the Nutrition Data System, developed by the Institute of Biomedical Sciences, Academia Sinica, Taiwan, ROC. School menu data were collected for each 24-h recall period; this made it possible to precisely describe the intake of school meals. Detailed information was collected about actual menus offered, recipes, vendor product information, and food preparation methods. Details of this dietary assessment method are published elsewhere (Cheng et al, 1998 (Cheng et al, , 1999 .
TSF TSF was measured by locating the midpoint on the back of the upper arm as the client held his/her arm at a 901 angle across the chest. With a tape, the technician measured the distance from the acromion process (the bony eminence at the shoulder) to the olecranon process (the lateral eminence at the elbow) and marked the midpoint. With the arm hanging loosely, and using the thumb and forefinger to grasp the fold of skin and subcutaneous tissue directly in line with the olecranon process and about 1 cm above the midpoint mark, the fold was pulled away from the underlying muscle tissue. A caliper was placed over the fold at the midpoint mark, and a pressure of 10 g/mm 2 was exerted. After 2-3 s, a reading was taken. The measurement was repeated twice, and the readings were averaged and compared with a standard table of triceps measurements.
Lipids in serum
Blood samples were collected by venipuncture at 08:30 h after a 12-h overnight fast. Serum was separated by low-speed centrifugation at 1500 Â g, at 41C for 30 min. Serum was tested for total cholesterol (TC) (enzymatic colorimetric test, cholesterol esterase, and cholesterol oxidase), HDL-cholesterol (after precipitation with chylomicron, VLDL, and LDL with phosphotungstic acid and Mg 2 þ ), and triacylglycerol (enzymatic colorimetric test; lipoproteinlipase/oxidation/ peroxidase). The laboratory participated in a national program of external quality control, ensuring the accuracy of the cholesterol analyses.
Fatty acids analysis
Total fatty acids in serum were quantified after extraction using a 1-h direct transesterification procedure carried out in a 4:1 methanol-benzene solution with acetyl chloride in all these steps as previously described (Lepage & Ray, 1986) . The fatty acids were analyzed by capillary gas-liquid chromatography (RESTEK capillary column, cat. no. 11040, under US Patent 4,293,415 licensed by Hewlett-Packard, Bellefonte, PA, USA), at an injection temperature of 2401C, column temperature of 1801C, and hydrogen flame ionization detector temperature of 2401C. The individual fatty acids in serum were calculated by use of 17:0 fatty acid as an internal standard. The identification was based on retention times. Individual fatty acid levels were expressed as the percentage of the total serum fatty acids. The high fat intake (urban) and low fat intake (rural) regions were divided into two subgroups, respectively: hypocholesterolemia (TCo140 mg/dl) and hypercholesterolemia (TC4200 mg/ dl) groups. The serum fatty acid compositions in each subgroup were determined by randomly selecting 10 children for analysis (Table 3 for boys, Table 4 for girls).
Data analysis
Mean and standard deviations or standard errors are presented for each measurement. Statistical analyses of the data were performed using analysis of variance. Individual mean comparisons were identified with Duncan's multiple range test (SAS Institute, Cary, NC, USA). Differences were considered significant at a P-value of o0.05. The high fat intake (Kaohsiung City) and low fat intake (Yunlin County) regions were divided, respectively, into two subgroups: hypocholesterolemia (TCo140 mg/dl or 3.62 mmol/l) and hypercholesterolemia (TC4200 mg/dl or 5.17 mmol/l) groups. To convert mmol/l cholesterol to mg/dl, multiply by 38.7. To convert mg/dl cholesterol to mmol/l, multiply by 0.02586. To convert mg/dl triacylglycerol to mmol/l, multiply by 0.01129. To convert mg/dl triacylglycerol to mmol/l, multiply by 88.57. The very low-density lipoprotein cholesterol concentration was calculated as the triacylglycerol concentration (mmol/l) divided by 2.18. Partial correlation was used to assess the relation between anthropometric data and serum cholesterol levels, and a P-value of o0.05 was considered significant. The serum fatty acid compositions in each subgroup were determined by randomly selecting 10 students for analysis. The coefficients of variation were calculated as the standard deviation divided by the mean and multiplied by 100. Coefficients of variation (CV) were all o5% except for those of lauric acid, myristic acid, and linolenic acid. Table 1 presents the body weight, height, body mass index (BMI), and TSF measurements. Urban boys had a significantly higher BMI and TSF compared with the other children. Significant gender differences were also found in both urban and rural regions. Five percent of urban boys had a BMI 428 kg/m 2 , indicating obesity, whereas none of the rural boys or girls in either region presented this. A BMI o15 kg/m 2 was displayed by 10% of rural boys and girls, indicating marasmus, whereas none of the urban boys or girls presented this (data not shown).
Results
BMI and TSF
Dietary intake
Nutrient intakes of urban and rural children are shown in Table 1 . Urban boys had a significantly higher intake of energy and (energy-adjusted) nutrients but a lower carbohydrate intake compared with urban girls and rural boys and girls. Compared with boys and girls of the urban region, those of the rural region had significantly lower total fat intake (9.2% less for boys, 12.5% less for girls) and lower protein intake (5.1% less for boys, 5.3% less for girls).
Serum lipid profiles
The serum lipid profiles of urban and rural children are shown in Table 2 . Compared with urban boys and girls, rural children had significantly lower concentrations of serum TC (11.3% less for boys, 8.1% less for girls) and LDL-C (24.1% less for boys, 20.9% less for girls) and higher levels of HDL-C (18.5% higher for boys, 14.8% higher for girls). Therefore, the LDL-C/HDL-C ratio was significantly lower (35.8% less for boys, 30.9% less for girls) in rural children compared with urban children. A TC45.2 mmol/l was displayed by 24% of urban boys, indicating hypercholesterolemia, while 16.9% of urban girls, 6.0% of rural boys, and 7.0% of rural girls had a TC45.2 mmol/l. Compared with urban children, rural children had significantly lower hypercholesterolemia (75% less for boys, 58.5% less for girls). About 4.9% of urban boys and 3.9% of urban girls had a TG41.58 mmol/l, indicating hypertriglyceridemia. Of rural children, 4.2% of boys and 1.6% of girls had a TG41.58 mmol/l. In urban girls, TC correlated positively with BMI (r ¼ 0.14, Po0.05) and TSF (r ¼ 0.11, P40.05); LDL-C correlated positively with BMI (r ¼ 0.18, Po0.05) and TSF (r ¼ 0.15, Po0.05); and HDL-C correlated negatively with BMI (r ¼ À0.18, Po0.05) and TSF (r ¼ À0.16, Po0.05).
In rural girls, TC correlated positively with BMI (r ¼ 0.07, P40.05) and TSF (r ¼ 0.07, P40.05); LDL-C correlated positively with BMI (r ¼ 0.08, P40.05) and TSF (r ¼ 0.10, P40.05); and HDL-C correlated negatively with BMI (r ¼ À0.20, Po0.05) and TSF (r ¼ À0.17, Po0.05).
Serum fatty acid profiles
The fatty acid compositions in serum of boys and girls are shown in Tables 3 and 4 . The predominant fatty acid was linoleic acid (18:2), followed by palmitic acid (16:0), oleic acid (18:1), stearic acid (18:0), linolenic acid (18:3), myristic acid (14:0), and lauric acid (12:0). Unidentified peaks accounted for less than 0.5% of the total fatty acids. The arachidonic levels in serum were low at o0.01 mg/dl (data not shown). Significant differences were found between urban and rural boys. Serum polyunsaturated fatty acids (PUFAs) in urban boys were significantly lower than those in rural boys (P ¼ 0.0355); whereas, serum monounsaturated fatty acids (MUFAs) in urban boys were significantly higher than those in rural boys (P ¼ 0.0398).
Increased fat as a proportion of total energy was associated with increased TC (Po0.05). Lauric, myristic, and oleic acid levels in serum of urban boys were significantly higher (P ¼ 0.0001, 0.0003, and 0.0398, respectively) than those of rural boys. Serum linoleic acid of urban boys was significantly lower (P ¼ 0.0265) than that of rural boys. Significant gender differences were also found in both regions. In girls, the different fatty acid compositions affected the TC concentrations (Table 4) . Palmitic and stearic acids in serum of the high TC group were significantly lower (P ¼ 0.0179 and 0.0001, respectively) than those in the low TC group. Linoleic acid in the low TC group was significantly lower (P ¼ 0.0003) compared with that of the high TC group.
Discussion
This study addresses BMI, TSF, serum fatty acids, and lipids in children aged 10 and 11 y between urban and rural regions of Taiwan. We found that total fat intakes of 32.5 and 30.8% of energy favorably changed body composition variables in rural boys and girls compared with those of urban boys (35.8% of energy) and girls (35.2% of energy), respectively. Specifically, rural children had lower weight (15.3% less for boys, 8.5% less for girls), BMI (8% less for boys, 3.2% less for girls), and TSF (14% less for boys, 1.7% less for girls) compared with urban children of the same gender. Similarly, rural children had lower serum TC (11% less for boys, 8.1% less for girls) and LDL-C (24.1% less for boys, 20.9% less for girls) compared with urban children of the same gender. It has been shown that for every 1% reduction in LDL-C, there is a 1.5% reduction in the incidence of coronary heart disease (National Cholesterol Education Program, 1999). TC45.2 mmol/l was displayed by 24% of urban boys, indicating hypercholesterolemia. TC45.2 mmol/l was displayed by 6% of rural boys, 16.9% of urban girls, and 7.0% of rural girls.
A level of 5.2 mmol/l (200 mg/dl) is considered high in children, and may be indicative of genetic hypercholesterolemia (Angelico et al, 2000; National Cholesterol Education Program, 1999) . The LDL-C/HDL-C ratio was significantly lower (35.8% less for boys; 30.9% less for girls) in rural children compared with that of urban children of the same gender. The net increase in the ratio of LDL-C to HDL-C was suggested to be approximately double the effect of saturated fatty acids (Lee et al, 2000) .
High levels of TC in children are associated with premature atherosclerosis (Kisanuki et al, 2000; McGill et al, 2000) . Changes in blood lipids are calculated by predictive equations that include changes in dietary fatty acid, cholesterol, and total fat intake (Yu et al, 1995) .
However, body fatty acid composition reflects the quality of dietary fat and the type of fat consumed over a long period (Hunter et al, 1992; Lee et al, 2000; Brox et al, 2002) .
The low consumption of oleic acid in rural children compared with urban children as reflected in the serum fatty acid profile may also be beneficial with respect to coronary heart disease risk. Oleic acid (18:1) induces a concentration-dependent reduction in NO synthase activity in endothelial cells in animal models (Davda et al, 1995) . However, in a human umbilical vein endothelial cell model, oleic acid was found to inhibit the expression of gene products involved in leucocyte recruitment and atherogenesis (Carluccio et al, 1999) . However, the higher lauric, myristic, and oleic acid concentrations in our rural children may induce hypercholesterolemia. However, in this study, the predominant fatty acid in serum was linoleic, followed by palmitic, oleic, stearic, linolenic, myristic, and lauric acids in that order. The results differ from those of the Child and Adolescent Trial for Cardiovascular Health survey (Nicklas et al, 2002) with intake reported for children of the same age, where the predominant fatty acid was oleic, followed by palmitic, linoleic, stearic, myristic, and linolenic acids, in that order. The relation coefficient between the intake of linoleic acid and linolenic acid and serum TC levels was À0.003 and À0.010 (P40.10) (Nicklas et al, 2002) . Intakes of arachidonic acid were low at 41 g/day. A ratio of linoleic acid to alpha-linolenic acid of between 4:1 and 10:1 has been suggested (Sanders, 1999) , and excessive intakes of linoleic acid should be avoided.
Significant gender differences were also found in both urban and rural regions. In girls, the different fatty acid compositions affected the TC concentrations. Palmitic and stearic acids in serum of the high TC group were significantly lower (P ¼ 0.0179, and 0.0001, respectively) than those of the low TC group. Linoleic acid in the low TC group was significantly lower (P ¼ 0.0003) compared with that of the high TC group. Hormonal influences associated with maturation may have also affected serum cholesterol levels, and this limitation needs to be considered when assessing dietary interventions (Nicklas, 2002) .
Since total fat intake affects the levels of other macronutrients, especially carbohydrates, and may also affect total energy intake, these factors were also considered.
The effect of diet on serum lipids in children is similar to that observed in adults. Total fat and saturated fat were positively associated with TC and HDL-C levels; saturated fat was positively associated with TC; and carbohydrates were inversely associated with both TC and HDL-C.
The amount and type of fat consumed were comparable to those reported recently in the National Health and Nutrition Examination Survey of 1989-1991 (NHANES III) (Alaimo et al, 1994) .
As weight increases, TC levels increase and HDL-C levels decrease, confirming earlier observations in this cohort and others (Cheng et al, 1995 (Cheng et al, , 1998 (Cheng et al, , 1999 Dwyer et al, 1998 ). It appears that obesity and fat centrality are stronger predictors of children's serum lipids than is the quality of long-term dietary fat intake or adipose tissue fatty acid composition (Mamalakis et al, 2001) . Regression analyses indicated that children's serum triglycerides were positively related to the BMI and waist-hip ratio (WHR). Serum HDL-C related negatively to WHR and the sum of adipose polyunsaturated fatty acids, a measure of long-term polyunsaturated fat intake (Mamalakis et al, 2001) .
We use a substitutive approach to model the effects of intakes of fatty acids on serum lipids, which is similar to that used in the counseling situation. The association of each individual fatty acid with serum lipids was assessed while holding total energy and total fatty acid intake constant (Kipnis et al, 1993) . However, because the children had eaten these usual diets for a long time, the effects of changes in carbohydrate intake on triglyceride and HDL-C levels were also considerable. The positive associations of saturated fat (Po0.04), unsaturated fat (Po0.03), and myristic acid (Po0.0l) on TC were significant. No striking effects were noted for individual fatty acids (ie, oleic, linoleic, linolenic, or arachidonic), or for either total monounsaturated fatty acids or total polyunsaturated fatty acids (Nicklas et al, 2002) .
This study still had the limitation that results of children with hypercholesterolemia (TC 4200 mg/dl) were compared with those who had hypocholesterolemia (TC o140 mg/dl). It would have been better to compare those who had hypercholesterolemia with those whose levels were o200 mg/dl. It may be that in children with levels of 140-200 mg/dl, it is easier to see the influence of diet.
The other study limitation was that the urban region of Kaohsiung City has a population density of 9149/km 2 , while the rural region of Yunlin County has a population density of 585/km 2 . Therefore, we hypothesize that the activity rates of urban children were lower than those of rural children.
In conclusion, consumption of total fat was positively associated with BMI, TSF, TC, and LDL-C levels at the ages of 10 and 11 y in Taiwan, whereas, urban children had a dietary fat intake that both quantitatively and qualitatively differed from the rural traditional Chinese diet in Taiwan as indicated in rural children. There are some favorable features in the serum fatty acid profile of the local pediatric population with respect to health.
